
How to evaluate differences 
in residential heat recovery 
ventilation units 

May 2014

Heat recovery ventilation systems for residential use 
significantly differ from one to another, with respect to the 
type of construction, functionality and performance. This 
technical file shall present a comprehensive analysis regarding 
this type of ventilation system, also taking into account most 

recent technological and regulatory developments, including 
information about how to distinguish different machines and 
evaluate them, according to their structure and components, 
as well as different functions and performances.
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CONSTRUCTION TYPE

STRUCTURE 

The structure of the unit is critical and 
determines the amount of thermal and 
acoustic insulation achieved. Thermal 
insulation is vital to the efficiency of the 
unit and is required to prevent thermal 
bridges: these cause condensation to 
build on the surface of the casing and 
can damage both the house and the unit 
itself.

The thermal insulation inside the unit 
determines the acoustic comfort of the 
inhabitants. This is very important for a 
unit designed to work 24 hours a day, 7 
days a week.

The unit structure can be made from 
metal sheet with insulating mat; 
double sheet panelling with insulating 
material on the inside (normally EPS, 
polystyrene, fibreglass or polyurethane 
foam); self-supporting EPP (expanded 
polypropylene); or from coated sheet EPP.

The sheet structure is inexpensive and 
easily made, but it has very limited 
thermal and acoustic insulation. This 
system also suffers from unavoidable 
thermal bridges and so is not used in any 
high quality products.

The double panelled structure guarantees 
good thermal and acoustic insulation. 

Furthermore, it is solid, it does not need 
investment, and the inside is easily 
cleaned. However, localised thermal 
bridges are unavoidable, especially where 
the external and internal sheets are in 
contact with each other.
Additionally, the air flow is not well 
ducted like in EPP structures and this 
causes strong turbulence, inefficiencies 
and added noise.  
Over time, the collection and discharge 
of condensation causes issues, 
because condensation builds on the 
metal walls and the sheet interstices, 
dripping outside the unit. This moisture 
compromises the insulation between 
the panels and can lead to the growth 
of mould. Furthermore, because the 
insulating materials are not visible inside 
the panels if, during the production 
process, some filling problems occur, it 
will compromise the quality and create 
thermal bridges. Being air-tight is always 
critical, in particular referring to the seal 
life.

The EPP (expanded polypropylene) self-
supporting structure guarantees good 
thermal and acoustic insulation, without 
external thermal bridges (unless the 
connections between the fittings of the 
distribution network’s piping are poorly 
made).
Normally this type of structure is 
designed to improve the internal air-flow, 
reduce turbulence and ensure that the 

collection and discharge of condensation, 
as well as the air tightness, are optimal. 
Unfortunately, to obtain a self-supporting 
structure, in particular for larger units, the 
EPP density must be very high during 
the entire production process. This 
greatly reduces the thermal and acoustic 
insulation.

The EPP structure with coated sheet 
guarantees the best thermal and acoustic 
insulation as it has the advantages of 
both the coated sheet and EPP types.
The external supporting structure is 
made of coated sheet, for strength and 
ease of installation, while the internal 
components in contact with the two air 
flows are made solely of EPP. Furthermore, 
with this casing the internal airflow is 
superior, reducing turbulence. 
Compared to the EPP self-supporting 
structure it is moulded with the ideal 
density maximising the thermal and 
acoustic insulation. 

HEAT EXCHANGER

The heat exchanger is the core part of 
every heat recovery unit. These can be 
made out of a variety of materials and 
there are a number of different designs: 
cross-flow, counter-cross flow, enthalpic 
cross-flow, rotary and thermodynamic.

The cross-flow exchangers are normally 
made of aluminium and are cheap, 
long lasting, easy to clean and also have 
relatively low pressure drops. However, 
they are also quite inefficient.

The counter-cross flow exchangers are 
made of aluminium or plastic, cost more 
than the cross-flow exchangers, but also 
have a very long life and are easy to clean. 
The pressure drops are slightly greater, 
however, the efficiency is very high (up to 
over 90%).

The enthalpic cross-flow exchangers are 
made from hygroscopic material: which 
allows it to transfer the humidity from 
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one flow to the other. They are made with 
paper or transpiring plastic membranes. 
They are generally treated with fungicide, 
to prevent bacterial growth. In particular, 
the paper made version has a very short 
lifespan. Their sensitive efficiency is 
deeply lower than the counter-cross one 
but their latent efficiency is higher.

The strength of this design is its ability 
to transfer humidity, which becomes 
especially important during the summer 
when the dwelling is air-conditioned. 
The humidity in the inlet airflow is 
partially transferred to the outlet airflow, 
reducing the required energy load and 
the possibility of condensation in the 
environment.

The rotary exchangers are very compact 
and, if covered by hygroscopic material, 
are also enthalpic: meaning they transfer 
part of the humidity from one flow to 
the other. In addition, by stopping the 
rotation, they easily realise the bypass 
function. However, the overall efficiency 
is lower than the counter-cross flow 
exchangers. Furthermore, it slightly 
transfers smells and contaminants 
from one flow to the other. It also 
needs an additional motor inside the 
unit, for its rotation, that increases the 
power consumption and can require 
replacement over time.

The thermodynamic exchangers are 
essentially a refrigeration circuit (like 
a heat pump) that transfers heat from 
one flow to the other. They easily create 
the bypass function by stopping the 
refrigeration circuit. This design creates a 
smaller pressure drop compared to the 
counter-cross flow version and hence the 
fans use less power. Unfortunately, this 
saved pressure is largely consumed by 
the thermodynamic circuit, limiting the 
efficiency of the overall unit. Furthermore, 
leaving the compressor always on can 
cause noise and maintenance problems.

FANS

There are essentially two different styles 
of fan used in residential ventilation units: 
one with backward curved blades and 
the other with forward curved blades 
with the former typically being quieter 

and more efficient.

For this reason, manufacturers prefer to 
use fans with forward curved blades for 
units where the minimum dimensions 
are required and backward curved blades 
where performance is more important.

It is important to note though, that this is 
only applies when the two fans use the 
same motor. A very efficient motor can 
make a forward curved fan more efficient 
than a backward curved fan if it has a less 
efficient motor.

Accessibility to the fans is very important. 
A good ventilation unit must allow easy 
access to the fans, both to regulate the 
cleaning of the fan blades (to prevent 
the stockpiling of dust and dirt that can 
cause an imbalance of the fan blade with 
consequent vibrations that create noise 
and shorten the life of motor bearings) 
and for the possible need to replace the 
fan (this should be easy to achieve, and 
be without problems and limitations 
based on its wiring; whereas, in some 
cases, you have to dismount the whole 
unit to replace the motor).

MOTORS

Regardless of the type of fan blade, with 
forward or backward curved blades, the 
fans are driven by electric motors.

These can be the traditional AC motor, 
or a modern EC motor (with electronic 
switching or sometimes referred to as 
“brushless”).

EC motors have very high performance 
and very low power consumption which 
is very important for  units that have to 

operate continuously (24 hours a day, 7 
days a week) and have to save energy.

FILTERS

Residential ventilation units with heat 
recovery have several different kinds of 
filter, for two key reasons.

The first is to protect the heat exchanger 
against dirt deposits (dust, grease, etc.). 
For this reason there are always two 
filters, one for each airflow, and always 
placed before the heat exchanger. 

These filters are normally G3 or G4. If they 
are not present, or they don’t receive the 
proper maintenance, the exchanger will 
get dirty: suffering a significant drop in 
efficiency and increasing the pressure 
drop.

The second reason is to filter the inlet air 
to the house, to increase the comfort of 
the inhabitants. 

For this reason a filter, normally an F7, is 
placed only in the inlet flow, either before 
or after the heat exchanger.

Easy accessibility to filters is very 
important for every ventilation unit 
and, particularly for residential units, 
it has to be very easy for the end user 
to conduct routine maintenance, such 
as the cleaning and replacement of 
filters, without requiring assistance 
from a qualified operator (emergency 
maintenance).

SPIGOTS 

Spigots are required to connect the unit 
to the ventilation system. They are critical 
and often overlooked.

If they are not given attention during the 
installation, it can lead to thermal bridges 
and condensation on the surface. These 
can be built of sheet metal (eventually 
covered by insulating material).

The metal sheet spigot generates 
unavoidable thermal bridges and 
condensation on the surface.

To prevent this problem, some 
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manufacturers cover them with 
insulating material. Furthermore, it is easy 
for this spigot to be damaged or moved 
during the installation.

Spigots moulded integrally in the EPP 
structure are thermally very well insulated 
but their thickness often reduces the 
airflow, decreasing the aerodynamic 
efficiency of the unit and increasing 
power consumption.

Due to their low conductivity, plastic 
junctions guarantee good thermal 
insulation and, at the same time, do not 
reduce the internal transit area of the air.

CONDENSATION DRAIN

In a residential ventilation unit with heat 
recovery, condensation is created when 
wet and warm air flow passes through 
the heat exchanger and is cooled down.

The condensation can be several litres 
per day in a high efficiency unit and must 
be properly discharged.

The greater the thermal efficiency of the 
heat exchange, the more condensate is 
created.

The quantity of condensation depends 
on the humidity level of the air in the 
flow, where the condensation forms, and 
on the temperature of both the flows.

In cold climates, the condensation takes 
place in the outlet airflow. In hot climates, 
when the air conditioning is turned on, 
the condensation takes place in the inlet 
airflow.

It is therefore appropriate that the units 
are equipped with two drains, one for 
winter and one for summer: during the 
installation you can decide to connect 
one or the other or both of them. This 
depends on the climate of the area 
where the unit is being installed.

Furthermore, in the enthalpic exchanger, 
it is possible that smaller quantities of 
condensation can form. For this reason 
it is necessary to make provision for a 
condensation drain system.

QR200: extractable G4 filter without 
removing the access panel

FEATURES 

MULTISPEED 

A good residential ventilation unit with 
heat recovery should be able to operate 
at different airflow levels, changing 
according to the requirements. 

The flow can be adjusted by changing 
the fan speed through manual or 
automatic control systems.

The more sophisticated the control 
system, the greater the automatic 
adjustment to different environmental 
conditions (e.g. through environmental, 
humidity or CO2 sensor), or functional 
(such as reducing the flow rate of cold 
air when there is danger of the heat 
exchanger freezing).

BYPASS

The bypass function basically allows, 

when it’s necessary, to diminish the 
amount heat exchange between the two 
air flows, without altering the flow rates.

This function allows what is known 
as “free cooling” or “free heating”. Free 
cooling is suitable when the outside 
temperature is cooler than the inside 
temperature (such as during summer 
nights). For this reason, it is appropriate 
that the air replacement occurs so that 
the heat in the extracted air warms up 
the supply air. Similarly, the free heating 
is suitable when the outside temperature 
is hotter than the internal one (such as 
during sunny days in autumn or spring). 
For this reason, it is better that the air 
replacement occurs so that heat inside 
the supplied air is not given to the extract 
air.

The bypass function is typically achieved 
through a physical system: using a 

damper that allows one of the two flows 
not to go through the exchanger but 
totally or partially through the so called 
“100% bypass”.

When the dimensions make it impossible 
to easily install the bypass damper in 
the unit (e.g. in a false ceiling unit), 
manufacturers utilise two different 
solutions.

The first is to reduce the dimensions 
of the heat exchanger to allow the 
damper installation. In this case, the 
overall performance of the unit changes 
significantly (with lower thermal 
efficiency and greater pressure drop, so 
power consumption and noise increase 
at the same airflow capacity).

Some manufacturers wrongly choose 
to not indicate on the catalogue the 
performances of the units so modified, 
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declaring only a general availability of the 
version with by-pass.

The second solution is to use a control 
system that switches off the supply 
fan (or it greatly reduces the speed). In 
this way, the unit functions basically 
extracting air from the environment and 
the heat exchange between the flows is 
eliminated (or at least greatly reduced). 

ANTI-FROST

The anti-frost function is an absolute 
necessity on every residential ventilation 
unit with a heat exchanger: this is not for 
comfort but to protect the exchanger.

During winter, the hot air flow goes 
through the exchanger, transferring its 
thermal energy and cooling almost to 
the temperature of the incoming air. This 
creates an increase of relative humidity 
that easily reaches the point wherein 
condensation will form.

If the outside temperature is below zero, 
there is the risk that the condensation 
will then freeze and irreparably damage 
the exchanger (due to the larger volume 
of ice compared to water). Once the 
exchanger is damaged by ice, it will 
need to be replaced as it can no longer 
guarantee air leakage between the two 
flows. 

The anti-frost function is normally 
obtained using a thermostat (that 
switches off the inlet fan) or through a 
control system (that, thanks to thermal 
probes that monitor the temperature, 
slows the speed of the inlet fan). It is also 
obtained through an electrical heater that 
increases the temperature of the inlet 
airflow to the point where it is no longer 
possible for the condensation generated 
in the extract airflow from the exchanger 
to freeze.

PRE-HEATING BATTERY

The pre-heating battery is an accessory 
that is mounted in series with the inlet 
ducting that carries fresh air from outside. 
It can be on the outside as well as the 
inside of the ventilation unit and is used 
in climates where the temperature 

outside drops considerably below zero.

It can be operated using the controller 
of the ventilation unit or just with a 
thermostat that reads the external 
environmental parameters.

POST-HEATING BATTERY

It is generally used for comfort in those 
ventilation residential units with heat 
exchanger where the real heat exchange 
efficiencies are low (50%-70%).

During the winter season the typical 
internal temperature is around 20° and 
the external around 0°, the inlet air will 
be around 12° with 60% efficiency. The 
heating system, (whatever it is), will 
recovers the difference up to the required 
nominal 20° for a relatively limited 
load,  but it still creates an area of major 
discomfort adjacent to air inlet. In this 
case it’s appropriate to use a post-heating 
battery.

CTRL-DSP: multi-function control 
panel

CTRL-M: remote manual control 
with potentiometer

SEL-3V: selector 3 speed
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CONSTANT FLOW

Some advanced residential ventilation 
units with heat recovery allow for the self 
regulation of the fan speed. These devices 
are set to automatically reach a set point 
for air flow, regardless of the effective 
pressure drop of the duct system (useful 
during the installation) or filter status 
(useful during the operating phase).

The purpose is to have a constant flow 
with the amount being easily set during 
installation. This can be reached with a 
constant flow fan (that integrates the 
auto-regulating function inside the 
electronic management of the motor/
blade group) or with detection of 
differential pressure across the unit (that, 
compared with the loaded performances 
of the unit, allows the control system to 
reach the required load set point).

This load applies to the ducting system, 
as a total load value for the entire house. 
The precise calibration of the distribution 
system is necessary to properly balance 
the air flow inside the entirety of the 

building. This load value can be modified 
automatically, if required, through proper 
environmental sensors (e.g. relative 
humidity or CO2) linked to the control 
system.

Instead of commissioning dampers in 
the ducting system, it is possible to install 
additional automatic load devices (both 
in intake and extract) on some system 
branches. You can use this solution only 
partially on the distribution system, 
otherwise it would be useless to use the 
automatic function to increase the flow 
through the environmental sensors.

ENVIROMENTAL SENSORS

They are detection devices for 
environmental parameters that send 
a signal (through open/closed signals 
or modulated by a signal 0-10V, PWM 
or other) to the control system that 
automatically increases the flow and, 
therefore, the air exchange in the house.

The most common environmental 
sensors are the “relative humidity” and 
carbon dioxide (CO2) sensors. It is also 

possible to use an Air Quality sensor 
(which, for example, can be sensitive 
to odours or smoke), Radon gas sensor, 
presence sensor (PIR) and so on.

CONSTANT PRESSURE 

In systems with constant flow, when 
humidity increases only in one location 
(e.g. in the bathroom after a shower) the 
overall air exchange increases across the 
whole house (except for areas with an 
automatic control system for the flow 
rate).

To manage a localised increase of the 
extract flow, it is possible to use constant 
pressure systems (mainly used in France). 
These are a combination of dedicated 
ventilation units (at constant pressure) 
and “humidity sensitive extract” terminals 
(grilles), that are able to increase the 
air transit in relation with the relative 
humidity rate of the environment.

There are numerous aspects that define 
the performance quality of a residential 
ventilation unit with heat recovery. 
The most important are the thermal 
efficiency, the aerodynamic efficiency, air 
flow leakages, filtration rate and sound 
levels.

These parameters should be considered 
as a whole and reflect the design choices 
made by manufacturers of residential 
ventilation units with heat exchangers. 
For example, an exchanger with a 
very high thermal efficiency creates 
high pressure drops, reducing the 
aerodynamic efficiency and increasing 
the thermal efficiency. Similarly, a 
high efficiency grade filter creates 

significant pressure drops, reducing the 
aerodynamic efficiency and increasing 
the air quality input in the environment. 
Additionally, exchanges with low 
efficiency and a low degree of filtration 
reduce the consumption of electricity.

THERMAL EFFICIENCY

Thermal efficiency represents the 
capacity of the ventilation unit to transfer 
the heat from one flow to the other. 
It is defined by the ratio (T22 – T21): 
where T11 is the air temperature of the 
flow extracted from the environment 
( “extract”); T12 is the air temperature 
of the flow discharged to the outside 
(“intake”) and T22 is the air temperature 

of the flow supplied in the environment 
(“supply”). 

The higher the value, the better the 
ventilation unit.

For each unit, there are performance 
changes when the operating conditions 
of the unit and weather vary.

In fact, when the fan speed is lower, the 
flow rate is minor and the performance 
is higher (because the air transits more 
slowly and has more time to dissipate the 
heat). 

The greater the temperature difference 
between inside and outside (T11 and 

PERFORMANCE
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T21), the greater the efficiency

The higher the relative humidity of 
the warm air flow, the higher the 
performance (the percentage of latent 
heat transferred increases, in addition to 
the fluid density and its thermal load).

The same unit can go from an efficiency 
of 90% to 50%, depending on the 
conditions.

For this reason, it is impossible to 
determine a single value for the thermal 
efficiency of a residential ventilation 
unit with heat recovery. The efficiency 
value can only be declared if the 
environmental and operating conditions 
that have affected this value are given as 
well.

AERODYNAMIC 
EFFICENCY

The aerodynamic efficiency rating 
expresses the amount of electrical 
energy necessary for the ventilation to 
move a certain air quantity. It is given in 
two categories: SFP (Specific Fan Power), 
SPI (Specific Power Input). It’s expressed 
in W/(L/s) or in W/(m3/h). The lower the 
value, the better the ventilation unit.

The fan efficiency (combination of the 
fan impellers and motors), the control 
system consumption, the optimisation of 
the airflow inside the unit, the filtration 
rate and the pressure drop of the heat 
exchanger affect this parameter.

LEAKAGES

These are leakages between one flow 
and the other inside the ventilation unit, 
or between the inside and the outside of 
the ventilation unit. The lower the value 
the better the ventilation unit is. 

Even if manufacturers seek to limit them 
as much as possible, it still remains a 
residual value, in particular in units that 
choose simple building structures.

Internal leakages are very important 
when determining the overall thermal 
efficiency of the unit (the lower they are, 
the higher is the performance), as well 
as the comfort of the inhabitants (even 

if only in small amounts, it is possible 
for bathroom and kitchen odours that 
are present in the extract air flow to be 
transferred throughout the rest of the 
house).

UNIT EFFICENCY OR 
EXCHANGE EFFICENCY

The thermal efficiency of the ventilation 
unit mostly depends on the efficiency 
of the exchanger, but there are several 
different aspects that affect the overall 
efficiency of the ventilation unit.

Leakages, in particular the internal 
one between supply and extract air 
flow, significantly reduce the nominal 
efficiency of the exchanger.

A poor distribution of the inlet and outlet 
airflow in the exchanger (inside the unit) 
can significantly reduce the nominal 
efficiency of the exchange. This happens, 
for example, in ventilation units with 
sheet structure.

Poor overall thermal insulation between 
inside and outside, or the presence of 
internal unwanted thermal bridges, 
generate leaks and a drop of the nominal 
efficiency of the exchanger.

There is an important difference between 
the nominal efficiency of the exchanger 
(components) and the real overall 
efficiency of the ventilation unit (whole 
machine). This difference can be more 
than 10% less. 

When you evaluate the thermal 
efficiency values given by a manufacturer 
of a ventilation unit, you must pay 
attention to whether the data refers 
only to the heat exchanger or to the 
ventilation unit as a whole.

BRE (BUILDING RESEARCH 
ESTABLISHMENT)

As it is not always clear if the thermal 
efficiency data published by the 
manufacturers of ventilation units 
(assuming they are reliable) refer to the 
exchange or the to the overall machine 
– and considering that the operating 
and environmental conditions greatly 
influence the efficiency values – you may 

wonder how one unit can be reliably 
compared with another. This is especially 
important for designers and energy 
certifiers, who require reliable third-party 
data.

The government of the United Kingdom 
created a system to provide this 
information. For this reason, in the UK, 
there is a test protocol for residential 
ventilation units with heat recovery 
that is universal (as it is with many other 
products, such as water heaters and heat 
pumps).

At BRE laboratory all the manufacturers 
can volunteer to test their products 
on this protocol and the results are 
published on a government portal, 
accessible to everybody (www.ncm-
pcdb.org.uk).

Therefore, if anyone wishes to see the 
real data, and not the commercial 
information, of the thermal efficiency and 
electrical consumption (aerodynamic 
efficiency) of a specific ventilation unit, 
at different flow rates, they can go 
directly to the website where it is easily 
accessible. 

All of the most important European 
manufacturers of residential ventilation 
units with heat recovery test their 
products at BRE. This provides 
an important database to make 
comparisons with for everybody, not just 
the UK energy certifier, and gives reliable 
information, as it is uses universal tests, 
conducted in the same laboratory, by the 
same employees and with the same test 
equipment. It is worth taking advantage 
of it as much as possible.


